Preeclampsia (PE) is a common pregnancy complication. It is associated with high maternal morbidity and mortality rates and intrauterine foetal growth restriction. This condition is characterised by high blood pressure and urinary protein levels. Apelin and galectin-3 (Gal-3) are peptides involved in the regulation of body fluid homeostasis, inflammation and cardiovascular functions. This study aimed to determine the correlations amongst serum apelin and Gal-3 levels and insulin resistance (IR) in women with PE. Sixty patients with PE and 30 healthy controls participated in this study. The PE group had significantly lower apelin levels (p < 0.01) and higher Gal-3 levels (p < 0.05) than the control group. The PE group had higher serum glucose levels and β-cell functions than the control group. Moreover, patients with PE exhibited dyslipidaemia. Correlation analysis indicated that apelin and Gal-3 levels were not significantly correlated. Moreover, no correlation existed between the apelin levels and any measured parameters of the PE group. In conclusion, the elevations in serum Gal-3 levels with increments in IR-related parameters and lipid profiles reflect the possible contribution of Gal-3 to the harmful effects of IR and dyslipidemia levels on women with PE.
Introduction
Preeclampsia (PE) is pregnancy disorder that characterised by high blood pressure (BP) and urinary protein levels. It is a common complication encountered in the third trimester of pregnancy and is associated with high maternal morbidity and mortality rates and intrauterine foetal growth restriction. PE is a pregnancy-specific multisystem disorder that features reduced placental perfusion, vascular endothelial dysfunction and coagulation cascade activation [1] .
Women with PE are prone to heart diseases [2] because this disorder is associated with inflammation [3] . Therefore, the discovery of novel biomarkers for inflammation and heart diseases in women with PE remains relevant and necessary. The levels of apelin, a peptide involved in the regulation of body fluid homeostasis and cardiovascular functions [4] , are elevated in patients with insulin resistance (IR) [5] .
Gilbert reviewed studies that identified apelin as an important contributor to the regulation of fluid balance disturbances and cardiovascular disorders in women with PE [6] . Numerous immunological and vascular issues have been associated with apelin. For example, the apelin content of the human placental chorionic villi of women with PE was lower than that of the human placental chorionic villi of women with normal pregnancies [7] . Apelin levels can reflect the cardiovascular changes experienced by pregnant women without PE [8] .
Therefore, the apelin levels of women with PE must be studied to identify the factors that affect the health of these women.
Galectin-3 (Gal-3) is a protein secreted by various cells, tissues, organs and organ systems, including the placenta, female and male reproductive systems, heart muscle, immune cells, lymphatic organs, respiratory system, skin, smooth muscle and urinary tract. Gal-3 participates in numerous biological processes associated with cell growth and differentiation [9] . This protein has also been implicated in numerous clinical states, such as inflammation [10] and heart disease [11] . These two outcomes commonly accompany PE in women. Although the levels of some galectins in normal pregnant women [12] and in women with PE [13] have been studied, those of Gal-3 in patients with PE have not been examined.
A sufficient amount of Ca 2+ is required for blood vessel contraction, and Mg 2+ is necessary for relaxation involved in BP regulation [14] . The body uses bone tissue as a Ca 2+ reservoir to maintain blood Ca 2+ at levels required by muscles and intercellular fluids. Various cardiovascular risk factors are correlated with dietary Mg 2+ intake and serum Mg 2+ . The presence of risk factors of PE and cardiovascular diseases, such as hypertension, smoking, diabetes and dyslipidaemia, is inversely correlated with Mg 2+ levels. Specifically, most individuals with these risk factors have lower dietary and serum Mg 2+ levels than those without [15] .
This study aimed to determine if serum apelin and Gal-3 levels are risk factors of cardiovascular complications in Iraqi patients with PE. The correlations amongst serum apelin and Gal-3 levels with the other parameters of patients with PE were determined to obtain further insight on the pathological changes associated with PE. Women with PE met at least two of the following criteria: 1) systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg and 2) albumin in urine with or without oedema [16] . Most of the women with PE who participated in this study were obese and hypertensive and had proteinuria. Samples were collected from the patient and control groups after 10-12 hours of fasting. The present study was approved by the local institutional review board of the Wasit Health Department (REC number: 204/2016). All participants included in this study and their first degree relatives gave written informed consent after appropriate explanation according to the Declaration of Helsinki.
Materials and Methods

B. Controls:
Thirty healthy pregnant women were selected as the control group. The mean age of women in the control group was 30.08 ± 6.87 years and was comparable with that of women in the PE group. Their pregnancy durations (in weeks) were the same. All of the women in the control group had normal BP.
C. Exclusion Criteria:
Women with chronic hypertension, diabetes mellitus (DM), renal disorder, autoimmune diseases and maternal infection were excluded.
Measurements
The venous blood samples of pregnant women were aspirated without tourniquet into plain tubes, allowed to stand for 10 min for coagulation and then separated through centrifugation at 3,000 × g for 5 min. Sera were maintained at −18 °C until analysis. Insulin levels were measured using a ready-to-use ELISA kit supplied by Novex, USA. Gal-3 levels were measured with a ELISA kit provided by Thermo-Scientific, USA. Apelin levels were measured with an ELISA kit procured from Cloud-Clone Corp., USA. All other parameters were measured spectrophotometrically by using ready-to-use kits.
IR parameters were calculated from fasting glucose and insulin concentrations by using HOMA calculator software (http://www.dtu.ox.ac.uk/homa-calculator/download.php). This software was used to generate the IR index (HOMA2IR), insulin sensitivity index (HOMA%S) and β-cell function index (HOMA%B) [17] .
Statistical Analysis
Variable distributions were examined through the Kolmogorov-Smirnov test.
Normally distributed parameters were expressed as mean ± standard deviation. Pooled t-test was performed to compare the parameters of the PE and control groups. Pearson's correlation coefficients (r) were calculated to estimate correlations amongst parameters. Results for nonparametric variables were expressed in the form of medians. Mann-Whitney U-test was used to compare the measured parameters of the PE and control groups. Spearman's correlation analysis was used to estimate correlations amongst parameters. Statistical differences amongst categorical variables were evaluated through χ 2 -test. Differences between groups was considered statistically significant when p < 0.05. Power analysis indicated that the total sample size should be 90 when using an effect size of 0.3, ɑ = 0.05, power = 0.8 and two groups. All statistical analyses were performed using SPSS Statistics version 21 (2013), IBM-USA. 
Results
Comparison between PE and control groups
1-Descriptive parameters
The descriptive parameters of the PE and control groups are presented in Table 1 . The results indicated significantly higher abortion rates (p = 0.024), number of live births (p = 0.003), systolic and diastolic BP (p < 0.001) and BMI (p < 0.001) in the PE group than in the control group.
2-IR parameters
The IR parameters of the PE and control groups are provided in Table 2 . The results revealed significantly higher FBG (p = 0.032) and HOMA%B (p = 0.027) in the PE group than in the control group.
3-Lipid profile parameters
The lipid profile parameters and atherogenic indices of the two groups are presented in Table   3 . PE patient and control groups. (N.S. = nonsignificant, p > 0.05) . Save for HCLc, which showed a significant reduction, the lipid profile parameters of the PE group were significantly higher than those of the control group (p < 0.05). 
4-Apelin levels
5-Gal-3 levels
The median serum Gal-3 levels of the PE group (18.94 ng/ml) was significantly higher (p = 0.017) than that of the control group (13.72 ng/ml), as depicted in Figure 2 .
Figure 2: Serum Gal-3 levels of the PE and control groups. Error bars represent the 25%-
75% percentile.
6-Serum Ca 2+ and Mg 2+ levels
The total Ca 2+ levels of the patient and control groups were 2.1 ± 1.04 and 2.09 ± 0.10 mM, respectively (p = 0.134). The total Mg 2+ levels of the patient and control groups were 0.60 ± 0.08 and 0.65 ± 0.03 mM, respectively (p = 0.037). The Ca 2+ /Mg 2+ ratios of the patient and control groups were 3.54 ± 1.64 and 3.23 ± 0.19, respectively (p = 0.035). The serum Mg 2+ levels of the PE group were higher than those of the control group. The Ca 2+ /Mg 2+ ratio of the PE group was higher than that of the control group.
7-Correlations amongst apelin, Gal-3 and other parameters of patients with PE
No significant correlation (p > 0.05) was found amongst apelin levels, anthropometric parameters and any IR-associated parameter. No statistically significant difference was also observed between apelin levels and any lipid profile parameter. 
Patients Control
Serum Gal-3 level was significantly correlated with pregnancy duration (r = 0.509, p < 0.001) and age (r = 0.542, p < 0.001). Gal-3 was significantly correlated with the following IRassociated parameters: insulin (r = 0.343, p = 0.006), FBG (r = 0.551, p < 0.001), HOMA2IR
(r = 0.448, p < 0.001) and HOMA%S (r = 0.283, p = 0.025).
The correlations between Gal-3 and lipid profile parameters were highly significant, as indicated in Table 4 . Other parameters showed no significant correlations with the Gal-3 levels and other measured parameters of the PE group. No significant correlation was found between the apelin and Gal-3 levels of the PE group (r = 0.076, p = 0.551).
Discussion
1-Descriptive parameters
The results provided in Table 1 indicate that the BMIs of the PE group were significantly higher than those of the control group as previously observed [18] . High prepregnancy BMIs have been associated with an increased risk of pregnancy-induced hypertension, stillbirth and neonatal and infant deaths, as well as increased hospitalisation length for mothers and infants [19] . The PE group had high rates of abortion, neonatal and maternal deaths, preterm deliveries and still births, as well as low birth weights [20] . Table 2 reveals that women with PE also have IR disturbances as previously reported [21] .
2-IR parameters
Fasting insulin levels increase during late gestation [22] . The reliability of the HOMA-IR index in the calculation of IR has been validated [23] . HOMA calculation is a good adjunct to HbA1c and glucose testing in patients with type 2 diabetes, prediabetes or high diabetes risk due to family history or obesity. PE involves IR disturbances, especially DM [24] . Patients with PE will manifest other symptoms of metabolic syndrome after several years [25] .
3-Lipid profile parameters
As reported in previous studies, patients with PE exhibit dyslipidaemia (Table 3 ) [26] .
Dyslipidaemia and PE have a causal relationship. Early pregnancy dyslipidaemia, particularly hypertriglyceridaemia and hypercholesterolaemia, is a potential predictor of PE development and severity [27] .
4-Apelin levels
As depicted in Figure 1 , the apelin levels of patients with PE are lower than those of the controls [8, 28] given that pregnant women excrete high amounts of protein in their urine [29] . Apelin levels reflect the cardiovascular changes associated with pregnancy. The apelin levels of maternal serum and cord blood are negatively correlated with gestational age and birth weight [30] . The apelin levels of women with PE are lower than those of women without PE at the second trimester of pregnancy [31] . The lower serum apelin levels of the PE group than those of the control group may be ascribed to the elevated insulin and lipid levels of the PE group [31] . The negative regulation of apelin by angiotensin II may also account for the reduced expression of apelin in villi [7] . Patients with PE have lower placental apelin levels and higher circulating apelin levels than controls [18] . The high expression levels of apelin in PE placentas suggest that apelin may participate in the development of PE by reducing angiogenic activity during placental implantation [32] . The high apelin levels of obese patients with or without hypertension act as a compensatory mechanism against obesity-associated myocardial dysfunction [33] .
5-Gal-3 levels
The Gal-3 levels of the PE group were higher than those of the control group as shown in Figure 2 . The study of galectin may facilitate the prediction, presentation, diagnosis and treatment of pregnancy complications because galectins that are expressed at the maternalfoetal interface may have crucial roles in maternal-foetal interactions [34] . Immune system processes must be considered to fully explain the changes in serum Gal-3 levels given that Gal-3 has numerous immunological roles. The interplay amongst lectins, including Gal-3, may participate in developmental processes and immune modulation during early pregnancy [35] .
Gal-3 is a proinflammatory signal that targets diverse innate immune components (i.e. macrophages, mast cells and neutrophils) to promote immune activation, cytokine production and degranulation [36] . The expression of this protein is upregulated in the endometrium at the peri-implantation period and is detected in placental lineages as gestation progresses [37] .
Therefore, the higher Gal-3 levels of the PE group than that of the control group may have an immunological aspect that requires extensive exploration. Venkatraman et al., showed that Gal-3 is closely linked to the inflammatory cascade and could be valuable as a prognostic indicator and therapeutic target in cardiovascular disease (CVD) [38] . Pang et al. found that Gal-3 is associated with obesity and inflammation in women [39] . However, this finding is limited by the fact that their study group included nonpregnant African-American women with varying CVD risks. By contrast, the sample of the present study comprised pregnant women with PE.
Another important study revealed that PE is associated with a 4-fold increase in future incidences of heart failure and a 2-fold increased risk in coronary heart disease [40] . The results of these studies and our study indicate that Gal-3 is associated with PE and is a high-risk factor of heart diseases in addition to obesity. 
6-Serum Ca 2+ and Mg 2+ levels
Correlations amongst apelin and Gal-3 levels with other parameters of patients with PE
The nonsignificant correlation (p > 0.05) between apelin and the other measured parameters of the PE group (Table 4) indicates that apelin secretion is not controlled by the measured variables. Gal-3 links inflammation and reduced insulin sensitivity [44] . It can bind directly to insulin receptors and inhibit downstream receptor signalling, and the inhibition of Gal-3 may have applications in the treatment of IR [44] . The linkage amongst IR, Gal-3 and inflammation warrants further validation [45] .
Gal-3 levels and lipid profile parameters showed highly significant correlations, as indicated in Table 4 . Gal-3 concentrations are associated with an increased incidence of heart failure and atrial fibrillation [46] . Gal-3 may also be an important modulator of some metabolic disorders associated with cardiac disorders, such as adiposity, IR and hyperglycaemia [46] . Crosssectional analyses showed that Gal-3 is associated with abdominal adiposity, dyslipidaemia and hypertension [47] . These findings agree with the results of the present study. Further studies are necessary to obtain a comprehensive understanding of these results.
This work is the first to reveal nonsignificant correlations between the apelin and Gal-3 levels of patients with PE. In morbidly obese patients, Gal-3 levels are associated with diastolic dysfunction. Gal-3 is a potential novel target in the treatment of obesity-associated cardiac fibrosis and inflammation. These conditions are symptoms of PE [48, 49] .
Conclusion
This study elucidated the possible roles of apelin and Gal-3 in the development of the consequences of PE on heart health. Gal-3 is a more important index of the cardiac health of women with PE than apelin because it has statistically significant correlations with the IRrelated parameters and lipid profiles of patients with PE. Elevations in serum Gal-3 are correlated with increments in IR-associated parameters and lipid profiles.
